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Abstract 
More than two thirds of the U.S. electricity consumption occurs in buildings, which also are responsible for about 40% of the 
world’s CO2 emissions. Therefore, the “green” building movement has become widespread in an effort to reduce buildings’ 
impact on the resource use and the environment. The USGBC’s LEED rating system in one such effort intended to recognize 
high performance buildings. One of the USGBC’s objectives is to reduce building energy consumption, and this paper aims to 
test this energy-reduction hypothesis. The methodology includes investigating LEED-certified buildings and comparable non-
certified buildings on a university campus, and measuring differences in their energy performance. Heating, cooling, and 
electricity data was collected from all campus buildings and their energy unit intensity (EUI) was calculated. The preliminary 
analysis shows LEED buildings are not displaying major differences in energy performance when compared to their non-LEED 
counterparts. This paper’s findings make the case for more performance-based certifications, similar to the LEED O&M 
certification, which should be awarded based on actual energy performance of facilities as opposed to intended performance 
based on design data. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
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and Construction 2015. 
Keywords: LEED buildings; energy consumption; student housing 
1. Introduction 
This study aims to investigate the quality of the Leadership in Energy and Environmental Design (LEED) rating 
system employed by the United States Green Building Council (USGBC) by looking at the building performance of 
student housing facilities on a university campus. These facilities make prime indicators of energy efficiency, 
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because student housing is designed for individuals to share resources and use less energy than traditional housing. 
Although there has been extensive research done on testing LEED energy efficiency of commercial buildings and 
research using the data from dormitory buildings, little research has been dedicated to studying the performance of 
LEED-certified student housing. 
1.1. Literature Review 
In 2004, Marcell et al. used marketing strategies and educational programs to get students to change their 
behavior in the amount of energy (electricity) they use in their dormitory at Tufts University. Marcell et al. collected 
energy data in order to reveal that the coupled strategy was more effective than educational programs alone [1]. 
Using energy data from student housing facilities is nothing new. Another study [2], investigated whether usage of 
an eco-feedback interface inversely correlated with energy consumption. Similarly, to Marcell et al, this study 
determined, by using energy consumption data, that the more involved people are and aware of energy usage, the 
less energy is used. These results can be just as important in lowering energy consumption as ranking systems such 
as LEED are. 
A study of LEED building performance in the Cascadia region performed by Turner determined that LEED 
buildings are using less energy than their baseline value. Additionally, Turner and Frankel [3], funded by the 
USGBC, conducted research which concluded that LEED buildings have a 24% lower energy intensity unit (EUI) 
than their national counterparts. Left out of the final results of these findings are that “high energy use buildings 
[were] generally considered separately” which eliminates data that contributes a larger EUI. However, later 
researchers Newsham et al. [4] and Scofield [5], using the same data as Turner and Frankel [3], highly scrutinized 
their research and found that the LEED certification had no correlation to the certification level. 
Similarly, Menassa et al. [6] investigated Navy LEED buildings that had been required to become LEED Silver 
certified indirectly due to an Executive Order to reduce greenhouse gases and improve energy efficiency. These 
buildings were required to become LEED certified with the goal of mitigating greenhouse gases and using less 
energy. Menassa et al. [6] compared Navy LEED buildings to non-LEED counterparts and found that the majority 
of the Navy LEED buildings did not achieve expected electricity consumption savings. Additionally the majority of 
these buildings consumed more electrical energy that national averages. 
1.2. Objective 
     The executive order detailed by the Menassa et al study is similar to the Carbon Neutrality Plan Act [7] mandated 
by the university’s administration in the current study. By mandating LEED certification of all new buildings, the 
university hopes to become carbon neutral by 2025. The necessity for the actual performance of these LEED-
certified dormitories is crucial due to the increased number of students and thus new student housing facilities that 
will be erected by 2025. This study aims to test the LEED rating system by comparing the heating, electricity, and 
cooling (water) usage of LEED and non-LEED university student housing facilities. 
2. Characteristics of Studied Buildings 
Buildings A, B, and C are the three LEED certified buildings in the data set and on the university campus. 
Building A (Barrett Honors College) was certified LEED Gold in 2010 after completion in 2009 with seven out of 
17 points in the Energy & Atmosphere section of the certification. Post-construction, water consumption was 
reduced by 40% through the use of various plumbing techniques and water-saving irrigation. For example, a Grey 
Water Treatment System was used to irrigate the landscaping from water used in the bathrooms of the dormitories. 
Additionally, by using fluorescent light fixtures and continuously monitored HVAC systems, the project “optimized 
energy performance by 21% of current industry standards” [8]. Building A houses honors lower and upperclassmen. 
Besides housing, it includes several classrooms and lecture halls, a dining hall and coffee shop, study areas, multiple 
laundry rooms, and a rooftop garden for sustainability students. 
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Buildings B & C are a part of a combined complex (Hassayampa Academic Village 1 & 2). The building that is 
the summation of Building B and C has a Silver LEED certification and has obtained three out of 17 points in the 
Energy & Atmosphere portion of LEED certification. It was opened in 2006 and award its certification in 2009. The 
building has reduced energy by 25% using occupancy sensors and shaded windows. In order to reduce the need and 
use of water, landscaping of desert native and drought species were used which reduced irrigation by 50% [9]. 
Buildings B & C include dormitories as well as laundry rooms, study areas, kitchens, a dining hall, etc. This 
combined hall is reserved for lowerclassmen, particularly business students. 
The remaining buildings—Buildings D, E, F, G, H, I, and J—are non-LEED and all very built a considerable 
amount of time prior to that of the LEED buildings’ construction. Similarly, to the complex that consists of 
Buildings B & C in this study, many of the non-LEED buildings are broken up into sub-buildings although they 
belong to a unified complex.  
Buildings D & E (Hayden Hall & Hayden Hall East and West) are located in the center of the university campus. 
Built in 1951, the hall offers access to a computer lab, laundry and kitchen facilities, vending machines, air 
conditioning, a volleyball court and basic cable. Building F (McClintock Hall), built in 1952, contains same 
amenities as Buildings D & E. Both buildings house lowerclassmen. 
Built in the 1960’s, Building G (Palo Verde East), H (Palo Verde Main), and I (Palo Verde West) are all 
dormitories that are also part of a unified complex that houses lowerclassmen engineering students. Besides housing 
basic amenities, all three buildings have additional uses. Building G that also includes a coffee shop, post office, and 
technology center. Building H (Palo Verde Main) includes a restaurant for students. Building I (Palo Verde West) 
includes the Learning Resource Center offices. 
Building J (Best Hall) and Building K (Irish Hall) were built in 1956 and built in 1940 with an addition in 1946, 
respectively. They both are centrally located dormitories for lowerclassmen in relation to the overall campus 
geography. Both include basic amenities such as a computer lab, vending machines, laundry facilities, kitchens, 
basic cable, etc. Additionally, since Building K houses art students, there are music practice spaces and 
theatre/dance studios available there as well. 
3. Preliminary Results 
Upon initial inspection of the monthly energy data, it appears that LEED buildings are consuming less energy 
than their non-LEED counterparts. Although there is not a definitive separation between LEED and non-LEED on 
Figures 1 through 4, non-LEED buildings appear at the top of the spectrum for total energy, electricity, water, and 
heating. The top consumers for each energy category are non-LEED buildings. On several occasions, the lowest 
consumers of energy are LEED, shown on Figure 1 and Figure 3. For example, for the academic year of 2009-2010, 
Building A was the lowest consumer of total energy with the exception of one month, as seen in Figure 1.  
Figures 1 through 4 illustrate seasonal trends in energy data. For example, heating energy usage peaks for the 
majority of buildings between November and January every year. Similarly, water usage (cooling energy) peaks for 
the majority of buildings between May and August every year. Some buildings plateau at the zero point although the 
building had been known to be functioning as normal. Under these circumstances, the data is either incorrect due to 
a broken meter or there had been outstanding savings in the building’s performance. Faulty or broken meters proved 
to be a problem, because they may have recorded false data for months before the error was caught and remedied. 
Figure 3 is entirely bereft of Building H due to erroneous information. Excluding the complete removal of Building 
H from the comparison of heating data, less than 1% of other data was omitted (0.715%) in only EUI and Electricity 
in order to extinguish an erroneous data that would negative skew results. Out of the 0.715% of data omitted, over 
half of that was from Building H. Therefore, over the past four years, Building H had been very hard to monitor and 
its exclusion from many parts of the experiment is justified. 
Additionally, the graphs depict the energy usage of the LEED dormitories compared to the non-LEED 
dormitories. Although the sample size is small for the LEED buildings in this study, LEED dormitories are on the 
low end of the energy consumption spectrum for EUI (total energy), heating, cooling, and electricity. 
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3.1 Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Monthly EUI of Student Housing Facilities 
 
 
 
Fig. 2: Monthly Chilled Water Consumption of Student Housing Facilities in Ton/Hr 
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Fig. 3: Monthly Heating Consumption of Student Housing Facilities in mmBTU/GSF (Bldg. H omitted) 
 
 
 
Fig. 4: Monthly Electricity Consumption of Student Housing Facilities in kWh/GSF 
4. Conclusions 
According to the preliminary graphical results, LEED certified buildings show a reduction in energy consumption 
as compared to non-LEED certified buildings for dormitories on a university campus. However, this study is still 
under investigation and more statistical analysis will need to be run to validate this. Statistical analyses are currently 
being conducted on the data based on available granular energy consumption data. 
At this point in the study, the variable of building lifespan has been omitted. However, based on “Characteristics 
of Studied Buildings,” it is apparent that that the newer residential halls are LEED certified while the other 
buildings, which are over 30 years older than the LEED buildings, are not certified. The advancement of the effect 
of age on building performance is not mentioned in this paper but could very well play a role in the magnitude of 
energy usage. 
Furthermore, a limitation in this study, as there have been few to study university housing facilities, is the amount 
of data. The sample size for LEED buildings is small—only three—and therefore, further statistical analysis will be 
difficult in determining significant results. However, collaboration with residential halls on the other campuses at 
this university could increase the significance of these potential findings. 
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